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affected indlyiduals (Gaxdlner, 2000). As epileptic 
selz\ires may be the end-point of a number of molecular 
aberrations that ultimately disturb neuronal synchrony, 
the genetic basis for epilepsy is likely to be 
5 heterogeneous. There are over 200 Mendel ian diseases which 
include epilepsy as part of the phenotype. In these 
diseases, seizures are symptomatic of underlying 
neurological involvement such as disturbcuices in brain 
structure or ftmction. In contrast, there are also a 

10 number of ^pure** epilepsy syndromes in which epilepsy is 
the sole manifestation in the affected individuals. Vhese 
are termed idiopathic asA account for over 60% of all 
epilepsy cases. 

Idiopathic ^ilepsies have been further divided into 

15 partial and generalized sub-types. Psurtial (focal or 
local) epileptic fits arise from localized cortical 
discharges, so that only certain groups of muscles are 
involved and consciousness may be retained (Sutton, 1990). 
However, in generalized epilepsy, EEG dischcurge shows no 

20 focus such that all subcortical regions of the brain are 
involved. Although the observation that generalized 
epilepsies are fsrequently inherited is understandable, the 
mechanism by which genetic defects, presumably expressed 
constltutively in the brain, give rise to partial seizures 

25 is less clear. 

The moleculsu: genetic era has resulted in spectacular 
advances in classification, diagnosis and biological 
understanding of numerous inherited neurological disorders 
including muscular dystrophies, familial neuropathies and 

30 spinoc.erebellar_degeneratipns . These disorde rs are all _ 

uncommon or rare and have simple Mendelian inheritance. 
In contrast, common neurological diseases like epilepsy, 
have complex inheritance where they are determined by 
multiple genes sometimes interacting with environmental 

35 influences. Molecular genetic advances in disorders with 
complex inheritsmce have been far more modest to date 
(Todd, 1999). 



wo 03/008574 



PCT/AU02/00910 



and Baler, ±989; Greenberg et al., 1988a; 1992; Janz et 
al., 1992). 

Two broad groups of I6B are now known - the classical 
idiopathic generalized epilepsies (Commission on 
5 Classification and Terminology of the International League 
Against ^pilepsy, 1989) and the newly recognized genetic 
syndrome of generalized epilepsy with febrile seizures 
plus (GEPS*) (Scheffer and Berkovic, 1997; Singh et al., 
1999) • 

10 The classical IGEs are divided into a number of 

clinically recognizable but overlapping sub-syndromes 
including childhood absence epil^sy, juvenile absence 
epilepsy, juvenile myoclonic epilepsy etc (Commission on 
Classification and Terminology of the International League 

15 Against EJpilepsy, 1989; Roger et al., 1992). The sub- 
syndromes aure identified by age of onset and the pattern 
of seizure types (absence, myoclonus and tonlc-clonic) . 
Some patients, particularly those with tonic-clonic 
seizures alone do not fit a specifically recognized s\ib- 

20 syndrome. Arguments for regarding these as separate 
syndromes, yet recognizing that they are part of a 
neurobiological continuum, have been presented previously 
(Berfcovic et al. 1987; 1994; Reutens and Berkovic, 1995). 

GEFS* was originally recognized through large nculti- 

25 generation families and comprises a variety of sub- 
syndromes. Febrile seizures plus (PS*) is a sub-syndrome 
where children have febrile seizures occurring outside the 
age range of 3 months to 6 years, or have associated 
febrile tonic-clonic seizures. Many family members have a 

30 phenotype indistinguishable from the classical febrile 
convulsion syndrome and some have PS* with additional 
absence, myoclonic, atonic, or complex partial seizures. 
The severe end of the GBPS* spectrum includes myoclonic- 
astatic epilepsy. 

35 The cumulative incidence for epilepsy by age 30 years 

(proportion suffering from epilepsy at some time) is 1.5% 
(Hauser et al., 1993). Accurate estimates for the 



wo 03/008574 



PCT/AU02/00910 



Italian League Against ^ilepsy Genetic Collaborative 
Group, 1993). 

Within single fasuLlles with classical IGB or GEFS'*', 
affected Individuals often have different sub- syndromes. 
5 ^Ehe closer an affected relative is to the proband, the 
more similar are their sub- syndromes, and siblings often 
have similar sub -syndromes (Italian League Against 
]Spilepsy Genetic Collaborative Group, 1993) . Less 
commonly, families are obseanred where most, or all, known 

10 affected individuals have one classical XGB sub-syndrome 
such as childhood absence epilepsy or Juvenile xnyoclonic 
epilepsy (Italian League Against Epil^sy (Senetic 
Collaborative Group, 1993). 

Uqportantly, sub-syndromes are identical in affected 

15 monozygous twins with IGE. In contrast, affected dizygous 
twins, may have the same or different sub- syndromes. 
Classical IGE and GEFS^ sub-syndromes tend to segregate 
separately (Singh et al., 1999). 

In some inbred communities, pedigree analysis 

20 strongly suggests recessive inheritance for juvenile 
myoclonic epilepsy and other forms of IGE (Panayiotopoulos 
and Obeid, 1989; Berkovic et al., 2000). In such families, 
sub-syndromes are much moare similar in affected siblings 
them in affected sib-pairs from outbred families. 

25 Recently, a family with an infantile form of IGB with 
autosomal recessive inheritance, confirmed by linkage 
analysis, was described in Italy (Zara et al., 2000). 

Most work on the molecular genetics of classical IGBs 
has been done on the sub-syndrome of juvenile myoclonic 
epilepsy ,where_.a_ locus _ in _ proximity or jwithln _the _HLA 
region on chromosome 6p was first reported in 1988 
(Greenberg et al., 1988Jb) . Uhls finding was supported by 
two collaborating laboratories, in sepeucate patient 
samples, and subsequently three groups provided further 

35 evidence for a 6p locus for juvenile myoclonic ^il^sy in 
some, but not all, of their families. However, genetic 
defects have not been found and the exact locus of the 
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be detexialned. Most of the studies reviewed above used 
analysis methods assuming Mendellan Ixiherltance, an 
assumption that Is not correct for outbred communities. 
Some studies used multiple models (autosomal recessive, 
5 autosomal dominant) . Although parametric linkage analysis 
may be reliable in some circumstance of analyzing complex 
disease, it can lead to spurious findings as highlighted 
liyy the literature on linkage in major psychoses (Rlsch and 
Botsteln, 1996) . 

10 In so far as GEFS*^ is concerned, linkage analysis on 

rare multi-generation large families with clinical 
evidence of a major autosnoal dominant gene have 
demonstrated loci on chromosomes 19q and 2q. Both the 19q 
and 2q 6EFS'*' loci have been confirmed In Independently 

15 ascertained large families, and genetic defects have been 
identified. Families linked to 19q Eure known and a 
mutation in the gene for the pi subxinit of the neuronal 
sodium channel (SCNlB) has been Identified (Wallace et* 
al., 1998). This mutation results in the loss of a 

20 critical disulphide bridge of this regulatory sxibxxnlt and 
causes a loss of function in vitro. Families linked to 2q 
are also known and mutations In the pore-foxmlng a subunlt 
of the neuronal sodium channel (SCNIA) have been 
identified (Australian provisional patent PR2203; Wallace 

25 et al., 20011>i Escayg et al., 2000). Studies on the more 
common small families with GEFS"^ have not revealed these or 
other mutations to date. 

In addition to the SCNlB and SCNIA mutations in GEFS*, 
four other gene defects have been discovered for human 

30 idiopathic epilepsies through the study of large families. 
Mutations in the alpha-4 subiinit of the neuronal nicotinic 
acetylcholine receptor (CHRNA4) occur in the focal 
epilepsy syndrome of autosomal dominant nocturnal frontal 
lobe epilepsy (Australian patent AU-B-56247/96; Stelnlein 

35 et al., 1995). Hutatlons in the gamma-2 subunlt of the 
GABAa receptor (GABRG2) have been Identified in childhood 
absence epilepsy, febrile seizures (including febrile 
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voltage-gated sodium, potassium, calcium and chloride 
chaxuxels as well as ligand-gated chaxmels such as the 
acetylcholine and GABA receptors may lead to physiological 
disorders such as hyper- and hypo-fcalemic periodic 
5 paralysis, myotonias, malignant hyperthermia, myasthenia 
and cardiac arrhythmias. Neurological disorders other than 
epilepsy that are associated with ion chazmel mutations 
include episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 

10 anxiety, depression, phobic obsessive symptomis, as well as 
neuropathic pain, inflammatory pain and chronic/acute 
pain. Some kidney disorders such as Bartter"s syndrome, 
polycystic kidney disease and Dent's disease, secretion 
disorders such as hyperinsulinemic hypoglycemia of infancy 

15 and cystic fibrosis, and vision disorders such as 
congenital stationary night blindness and total colour- 
blindness may also be linked to mutations in ion chaxmels. 

Disclosure of the Invention 
20 In a new genetic model for the idiopathic generalised 

epilepsies (IGEs) described in PCT/AUOl/00872 (the 
disclosure of which is incorporated herein by reference) 
it has been postulated that most classical IGE and GEPS* 
cases are due to the coonbination of two mutations in 
25 multl-subunit icai chaxmels . These are typically point 
loutations resulting in a subtle change of fimction. The 
critical postulate is that two imitations, usually, but xiot 
exclusively, in different subunit alleles (""digenic 
model''), are required for clinical expression of IGE. It 

- 3 0— waS- further proposed-that — 

a) A number of different mutated subunit pairs can, 
be responsible for IGE. Combinations of two 
mutated subunits lead to an IGE genotype with 
*-30% penetrance. 

35 b) The total allele fre<zuency of mutated subuxiits 

is ^8%. It was calculated that approximately 15% 
of the population has one or more srutated 
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an isolated nucleic acid molecule coding for a protein 
having a biological function as part of an ion channel in 
a mammal, wherein a mutation event selected from the group 
consisting of point mutations, deletions, insertions and 
5 rearrangements has occurred so as to affect the 
functioning of the ion channel, in some instances this 
single mutation alone will produce a phenotype of epilepsy 
or other neuro/physiological disorders associated with ion 
chamnel dysfunction. 
10 In the case vrfiere a single mutation alone does not 

produce, say, an epilepsy phenotype, there would be 
provided one or more additional isolated nucleic acid 
molecules coding for proteins having a biological function 
as part of an ion channel in a mammal, wherein a mutation 
15 event selected from the group consisting of point 
mutations, deletions, insertions and rearrangements has 
occurred so as to affect the functioning of the ion 
channel. The cumulative effect of the mutations in each 
isolated nucleic acid molecule la vivo is to produce a 
epilepsy or another neuro/physiological disorders in said 
mammal. The mutations may be in nucleic acid molecules 
coding for protein subunits belonging to the same ion 
channel or may be in nucleic acid molecules coding for 
protein subunits that belong to different ion channels. 

Typically such mutations are point mutations and the 
ion channels are voltage-gated channels such as a sodium, 
potassium, calcium or chloride channels or are ligand- 
gated channels such as members of the nA£9lR/GABA supey 
family of receptors, or a functional fragment or homologue 
30 thereof. 

Mutations may include those in non-coding regions of 
the ion channel subunits (eg mutations in the promoter 
region which affect the level of esepression of the subunit 
gene, mutations in intronic sequences which affect the 
35 correct splicing of the subunit during mRNA processing, or 
mutations in the 5' or 3' untranslated regions that can 
affect translation or stability of the miuaik) . Mutations 
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provided a combination of two or more isolated nucleic 
acid molecules each having a novel mutation event as laid 
out in Table 1. Ihe cumulative effect of the mutations in 
each isolated nucleic acid molecule in vivo is to produce 
5 an epilepsy or another disorder associated with ion 
channel dysfunction as described above in said mammal. 

In a particularly preferred einbodiment of the present 
invention, the isolated nucleic acid molecules have a 
nucleotide sequence as shown in any one of SEQ ID Numbers: 
10 1-134. The sequences correspond to the novel DNA mutations 
or variants laid out in Table 1. 

In another aspect of the present invention there is 
provided an isolated nucleic acid molecule comprising any 
one of the nucleotide sequences set forth in SEQ ID NOS: 
15 1-134. 

In another aspect of the present invention there is 
provided an isolated nucleic acid molecule consisting of 
any one of the nucleotide sequences set forth in SEQ ID 
NOS: 1-134. 

20 In another aspect of the present invention there is 

provided an isolated nucleic acid molecule encoding a 
matant subunit of a mammalian nicotinic acetylcholine 
receptor (nAchR) , wherein a mutation event selected from 
the group consist ing of point mut at ions , deletions / 

25 insertions and rearrangements has occurred in the 
nucleotides outside of the m2 domain of the subunit of 
said mammalian nicotinic acetylcholine receptor, so as to 
produce an epilepsy phenotype. 

Preferably said mutation event is a point mutation. 
- 30_ In one form of the invention, the mutations are- in 

exon 5 of the CHRNA4 subunit and result in the replacement 
of an arginine residue with a cysteine residue at amino 
acid position 336, the r^lacement of an arginine residue 
with a glutamine residue at amino acid position 369, or 

35 the replacement of a proline residue with an arginine 
residue at amino acid position 474. Mie R336C mutation 
lies in the intracellular loop emd occurs as a result of a 
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e3q?resslon of the gene product. PC31 reassead^ly of gene 
fragments and the use of synthetic oligonucleotides allow 
the engineering of the nucleotide sequences of the present 
Invention. For example, oligonucleotide-mediated site- 
5 directed mutagenesis can introduce further mutations that 
create new restriction sites, alter expression patterns 
and produce splice variants etc. 

As a result of the degeneracy of the genetic code, a 
number of polynucleotide sequences, some that may have 
minimal similarity to the polynucleotide sequences of any 
known and naturally occurring gene, may be produced. Thus, 
the invention includes each and every possible variation 
of a polynucleotide sequence that could be made by 
selecting combinations based on possible codon choices. 
These combinations are made in accordance with the 
standard triplet genetic code as applied to the 
polynucleotide sequences of the present invention, and all 
such variations are to be considered as being specifically 
disclosed. 

The nucleic acid molecules of this Invention are 
typically DNA molecules, and Include cDNA, genomic DNA, 
synthetic forms, and mixed polymers, both sense and 
antisense strands, and may be chemically or biochemically 
modified, or may contain non-natural or derivatised 
nucleotide bases as will be appreciated by those skilled 
in the art. Such modifications include labels, 
methylation, intercalators, alkylators and modified 
linkages. In some instances it may be advantageous to 
produce nucleotide sequences possessing a substantially 
different codon usage than that of the polynucleotide 
sequences of the present invention. For example, codons 
may be selected to increase the rate of eapression of the 
peptide in a particular prokaryotic or eukaryotic host 
corresponding with the frequency that particular codons 
are utilized by the host. Other reasons to alter the 
nucleotide sequence without altering the encoded amino 
acid sequences include the production of Kim transcripts 
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different ion chaimels the host cells will express two or 
more mutant receptor proteins, ^l^pically said host cells 
are transfected with, an egression vector comprising a DMA 
molecule according to the invention or, in particular, DMA 
5 molecules encoding two or more mutant ion channel 
suLbunits. A variety of expression vector /host systems may 
be utilized to contain and express sequences encoding 
polypeptides of the invention. OSiese include, but are not 
lizoited to, microorganisms such as bacteria transformed 

10 with plasmid or cosmid DMA e^^ression vectors; yeast 
transformed with yeast expression vectors; insect cell 
systems infected with viral expression vectors (e.g., 
baculovirus) / or mouse or other animal or human tissue 
cell systems. Dflaxnmalian cells can also be used to es^ress 

15 a protein using a vaccinia virus expression system. The 
invention is not limited by the host cell or vector 
eiqployed. 

OSie polynucleotide sequences, or variants thereof, of 
the present invention can be stably expressed in cell 

20 lines to allow long term production of recombinant 
proteins in mammalian systems. Sequences encoding the 
polypeptides of the present invention can be transformed 
into cell lines using expression vectors which may contain 
viral origins of replication and/or endogenous expression 

25 elements and a selectable marker gene on the same or on a 
separate vector. The selectable marker confers resistance 
to a selective agent, and its presence allows growth and 
recovery of cells which successfully express the 
introduced sequences. Resistant clones of stably 

30- transformed— cells- may— be— propagated- using- tissue^ culture' 
techniques appropriate to the cell type. 

The protein produced by a transformed cell may be 
secreted or retained intracellularly depending on the 
sequence and/or the vector used. As will be understood by 

35 those of skill in the art, expression vectors containing 
polynucleotides which encode a protein may be designed to 
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Fragments of the polypeptides of the present 
Invention may also be produced by direct peptide synthesis 
using solid-phase techniques. Automated synthesis may be 
achieved by using the ABI 43 lA Peptide Synthesizer 
5 (Perfcin-Elmer) . Various fragments of this protein may be 
synthesized separately and then combined to produce the 
full-length molecule. 

The present invention is also concerned with 
polypeptides having a biological function as an ion 
channel in a mammal, wherein a mutation event selected 
from the group consisting of substitutions, deletions, 
truncations, insertions and rearrangements has occurred so 
as to affect the functioning of the ion channel. In scane 
instances this single mutation alone will produce an 
15 epilepsy phenotype. 

In the case where a single mutation alcaie does not 
produce an epilepsy phenotype, there would be provided one 
or more additional isolated mammalian polypeptides having 
biological functions as part of an ion channel in a 
mammal, wherein a mutation event selected from the group 
consisting of substitutions, deletions, truncations, 
insertions and rearrangements has occurred so as to affect 
the functioning of the ion channel. The cumulative effect 
of the mutations in each isolated mammalian polypeptide in 
vivo being to produce an ^ilepsy in said mammal. The 
mutations may be in polypeptide subunits belonging to the 
same ion channel as described above, but may also be in 
polypeptide subunits that belong to different ion 
channels • 

Typically the mutation is an amino acid substitution 
and the ion channel is a voltage-gated channel such as a 
sodium, potassium, calcium or chloride channel or a 
ligand-gated[ channel such as a member of the nAChR/GABA 
super family of receptors, or a functional fragment or 
35 homologue thereof. 

Mutation combinations may be selected from, but are 
not restricted to, those represented in Table 1. 
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According to still another aspect of the present 
invention there is provided an isolated polypeptide 
comprising the am:ino acid sequence set forth in any one of 
SEQ ID NOS: 135-173. 
5 According to still another aspect of the present 

invention there is provided a polyp^tide consisting of 
the amino acid sequence set foscth in any one of SEQ ID 
NOS: 135-173. 

According to still another aspect of the present 

10 invention there is provided an isolated polypeptide^ said 
polypeptide being a mutant subunit of a mammalian 
nicotinic acetylcholine receptor (nACSiR), wherein a 
mutation event selected from the group consisting of 
substitutions, deletions, insertions and rearrangements 

15 has occurred outside of the M2 domain, so as to produce an 
^ilepsy phenotype. 

m one form of the invention the mutations are 
located in the intracellular loop of the CHHNA4 subunit 
and are substitutions in which an arginine residue is 

20 replaced with a cysteine residue, an arginine residue is 
replaced with a glutamine, or a proline residue is 
replaced with an arginine. Preferably the substitutions 
are R336C, R369Q and P474R transitions as illustrated by 
SEQ ID NOS: 153, 154 and 155 respectively. 

25 In a further form of the invention, the mutation 

event is a substitution in which a threonine residue is 
replaced with a methionine residue in the signal sequence 
of CHRNB2. Preferably the substitution is a T26M 
transition as illustrated in SEQ ID NO: 156. 

_ ^. 30^- In _a— still — further —form— of — the — invention^ - the 

mutation events are substitutions in which a leucine 
residue is replaced with a valine residue, or a valine 
residue is replaced with an alanine located in the M3 
domain of CHRNB2. Preferably the substitutions are a L301V 

35 or V308A transition as illustrated in SEQ ID NOS: 157 and 
173. 

In a still further form of the invention, the 
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detect the presence of either a normal or mutated gene or 
gene product. fChe invention enables therapeutic methods 
for the treatment of epilepsy as well as other disorders 
associated with ion chanael dysfunction ^'^^ also enables 
5 methods for the diagnosis of epilepsy as well as other 
disorders associated with ion cheuinel dysfunction. 

Therapeutic Applications 

According to still another aspect of the invention 

10 there is provided a method of treating epilepsy as well as 
other disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 
periodic paralysis, myotonias, malignant hyperthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 

15 migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's syndrome, polycystic kidney' 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 

20 infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness, comprising 
administering a selective antagonist, agonist or modulator 
of an ion channel or ion channel subunit, when the ion 
channel contains a mutation in a subunit comprising the 

25 channel, as described above, to a subject in need of such 
treatment. Said mutation event may be causative of the 
disorder when expressed alone or when expressed in 
combination with one or more additional mutations in 
subunit s of the same or different ion channels, which are 

30 tsnpically those identified in Table 1. 

In still another aspect of the invention there is 
provided the use of a selective antagonist, agonist or 
modulator of an ion chemnel or ion channel subunit when 
the ion channel contains a mutation in a subunit 

35 comprising the channel, as described above, said mutation 
being causative of epilepsy as well as other disorders 
associated with ion channel dysfxinction, including but not 
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another disorder associated with ion channel dysfunction 
when expressed alone or when esipressed in combination with 
one or xaore other nutations in subunits of the same or 
different ion channels. Such antibodies may include, but 
5 are not limited to, polyclonal, monoclonal, chimeric, ^-^ri 
single chain antibodies as would be understood by the 
person skilled in the art. 

For the production of antibodies, various hosts 
including rabbits, rats, goats, mice, humans, and others 

10 may be immunized by injection with a polypeptide as 
described above or with any fragment or oligopeptide 
thereof which has immunogenic properties. Various 
adjuvants may be used to increase immunological response 
and include, but are not limited to, Freund's, mineral 

15 gels such as alxuninium hydroxide, and surface-active 
substances such as lysolecithin. Adjuvants used in humans 
include BCG (bacilli Calmette-Guerin) and Corynebacterium 
parvum. 

It is preferred that the oligopeptides, peptides / or 

20 fragments used to induce antibodies to the mutant ion 
channel have an amino acid seqpience consisting of at least 
5 amiTio acids, and, more preferably, of at least 10 s^mAr%rs 
acids. It is also preferable that these oligopeptides, 
peptides, or fragments are identical to a portion of the 

25 amino acid sequence of the natural protein and contain the 
entire amino acid sequence of a small, naturally occurring 
molecule. Short stretches of ion channel amino acids may 
be fused with those of another protein, such as KLH, and 
antibodies to the chimeric molecule may be produced. 

30 Monoclonal antibodies to a mutant ion. .channel may be 

prepared using any technique which provides for the 
production of antibody molecules by continuous cell lines 
in culture. These include, but are not limited to, the 
hybridoma techniciue, the human B-cell hybridoma technique, 

35 and the EBV-hybridoma technique. (For example, see Kohler 
et al., 1975; ICozbor et al., 1985; Cote et al., 1983; Cole 
et al., 1984). 
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infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness, comprising 
administering an isolated DNA molecule which is the 
complement ( ant i sense) of any one of the DJSSA molecules 
5 described above and which encodes an RNA molecule that 
h:ybridizes with the mRNA encoding a mutant ion channel 
siibunit of the invention, to a subject in need of such 
treatment • 

Typically, a vector expressing the complement 
10 (antisense) of the pols^nucleotides of the invention may be 
administered to a subject in need of such treatment. 
Antisense strategies may use a variety of approaches 
including the use of antisense oligonucleotides, injection 
of antisense HNA., ribozymes, DNAzymes suid transfection of 
15 antisexise RNA expression vectors. Many methods for 
introducing vectors into cells or tissues are available 
and equally suitable for use in vivo, in vitro, apri ex 
vivo. For ex vivo therapy, vectors may be introduced into 
stem cells taken from the patient and clonally propagated 
20 for autologous transplant back into that same patient. 
Delivery by transfection, by liposome injections, or by 
polycationic amino polymers may be achieved using methods 
v^ch are well known in the art. (For example, see Goldman 
et al., 1997). 

25 Xn a still further aspect of the invention there is 

provided the use of an isolated DNA molecule which is the 
complement (antisense) of a DNA molecule of the invention 
and which encodes an RNA molecule that hybridizes with the 
mRNA encoding a mutant ion channel sxibunit of the 

30 invention, in the manufacture of a medicament for the 
treatment of epilepsy as well as other disorders 
associated with ion channel dysfunction, including but not 
restricted to, hyper- or hypo-kalemic periodic paralysis, 
myotonias, malignant hyx>e3rthermia, myasthenia, cardiac 

35 arrhythmias, episodic ataxia, migraine, Alzheimer's 
disease, Parkinson's disease, schizophrenia, 

hyperekplexia, emxiety, depression, phobic obsessive 
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approaches as described above for COTipleiaent 
administration • 

Tbere is therefore provided a method of treating 
epilepsy as well as other disorders associated with ion 
5 channel dysfunction comprising administration of an 
antibody or complement to a mutant ion chazmel or ion 
chazmel subunit of the invention in combination with 
administration of wild-type ion channel subunits. 

In still another aspect of the invention there is 
10 provided the use of an antibody or complement to a mutant 
ion channel or ion channel subunit of the invention in 
combination with the use of wild-*t3rpe ion channel 
subunit s, in the manufacture of a medicament for the 
treatment of ^llepsy as well as other disorders 
15 associated with ion channel dysfunction. 

In further embodiments, any of the agonists, 
antagonists, modulators, antibodies, complementary 
sequences or vectors of the invention may be administered 
in combination witOi other appropriate therapeutic agents » 
20 Selection of the appropriate agents may be made by those* 
skilled in the art, according to conventional 
pharmaceutical principles. OSie cosiblnation of therapeutic 
agents may act synergistically to effect the treatment or 
prevention of the various disorders described above. Using 
25 this approach, therapeutic efficacy with lower dosages of 
each agent may be possible, thus reducing the potential 
for adverse side effects. 

Any of the therapeutic methods described above may be 
applied to any siabdect in need of such therapy, including, 
A9_ for eaca inple, mammals such as^ dogs, cats, cows, horses, 
rabbits, monkeys, and most preferably, humans. 

Drug Screening 

According to still another aspect of the invention, 
35 peptides of the invention, particuleurly purified mutant 
ion chazmel subunit polypeptide cells expressing 

these, are useful for the screening of candidate 
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transformed cells^ transfected or injected oocytes, or 
animal models bearing mutated ion channel subxinits .such as 
transgenic animals or gene targeted (knock-in) animals 
(see transformed hosts) • Drug candidates can be added to 
5 cultured cells that express a single mutant ion channel 
subunit or combination of mutant ion chanael sxibunits 
(appropriate wild- type ion channel subunit s should also be 
eaq?ressed for receptor assembly), can be added to oocytes 
transfected or injected with either a mutant ion channel 
10 subunit or combination of mutant ion channel subunit s 
(appropriate wild-type ion channel subunit s must also be 
injected for receptor assembly), or can be administered to 
an animal model containing a mutant ion channel or 
combination of mutant ion channels. Determining the 
15 ability of the test compound to modulate mutant ion 
channel activity can be accomplished by a number of 
techniques known in the art. These include for example 
measuring the effect on the current of the channel (e.g. 
calcium-, chloride-, sodium-, potassium- ion flux) as 
20 compared to the current of a cell or animal containing 
wild-type ion channels. Current in cells can be measured 
by a number of approaches including the patch-clamp 
techniq[ue (methods described in Hamill et al, 1981) or 
using fluorescence based assays as sure known in the art 
25 (see Gonzalez et al. 1999). Drug candidates that alter the 
current to a more normal level are useful for treating or 
preventing epilepsy as well as other disorders associated 
with ion channel dysfunction. 

Another technique for drug screening provides high- 
30 throughput screening for compounds having suitable binding 
affinity to the mutant ion channel subunit polypeptides of 
the invention or ion channels containing these (see PCT 
published application WO84/03564) . In this stated 
technique, large numbers of small peptide test conrpounds 
35 can be synthesised on a solid substrate (such as a 
micotitre plate) and can be assayed for mutant ion channel 
subunit polypeptide or mutant ion channel binding. Bound 
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mimic the pharmacophore can be added. The selection can be 
made such that the mimetic is easy to synthesise, is 
likely to be pharmacologically acceptable, does not 
degrade in vivo and retains the biological activity of the 
5 lead compound. Further optimisation or modification can be 
carried out to select one or more final mimetics useful 
for In vivo or clinical testing. 

It is also possible to isolate a target-specific 
antibody and then solve its crystal structure. In 

10 principle, this approach yields a pharaoacophore upon which 
subsequent drug design can be based as described above. It 
may be possible to avoid protein crystallography 
altogether by generating anti-idiotypic antibodies (anti- 
ids) to a functional, pharmacologically active cuitibody. 

15 As a mirror image of a mirror image, the binding site of 
the anti-ids would be expected to be an analogue of the 
original receptor. The ant i- id could then be used to 
isolate peptides from chemically or biologically produced 
peptide banks. 

20 One superior method for drug screening relies on 

structure-based rational drug design. Determination of the 
three dimensional structure of the polypeptides of the 
invention, or the three dimensional structure of the ion 
c hann els which incorporate these polypeptides allows for 

25 structure-based drug design to identify biologically 
active lead compounds. 

a*hree dimensional structural models can be generated 
by a number of applications, some of which include 
experimental models such as x-ray crystallography and NMR 

3 0 ^?d/or fr om in s ili studies of s true tiiral ^databases such 
as the Protein Datab€uik (PDB) • In addition, three 
dimensional structural models can be detesnnined using a 
nuxnber of known protein structure prediction techniq[ues 
based on the primaxy sequences of the polypeptides (e.g. 

35 SYBYL - Tripos Associated, St. Louis, MO), de novo protein 
structure design programs (e.g. MODEIiER - MSI Inc., San 
Diego, CA, or MOB - Chemical Coi^puting Group, Montreal, 
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to that amount of the conpouxid sufficient to result in 
amelioration of symptoms of the disorder. 

Toxicity and therapeutic efficacy of such confounds 
can be determined by standard pharmaceutical procedures in 
5 cell cultures or eaqperimental animals. The data obtained 
from these studies can then be used in the formulation of 
a range of dosages for use in humans. 

Pharmaceutical compositions for use in accordance 
with the present invention can be formulated in a 

10 conventional manner using one or more pli^siological 
acceptable carriers^ eaccipients or stabilisers which are 
well known. Acceptable caacriers, excipients or stabilizers 
are non-toxic at the dosages and concentrations einployed, 
and include buffers such as phosphate, citrate, and other 

15 organic acids? antioxidants including absorbic acid; low 
molecular weight (less than about 10 residues) 
pol3npep tides; proteins, such as serum albumin, gelatin, or 
immunoglobulins; binding agents including hydrophilic 
polymers such as polyvinylpyrrolidone; amino acids such as 

20 glycine, glutamine, asparagine, arginine or lysine; 
monosaccharides, disaccheurides, and other carbol^j^drates 
including glucose, mannose, or dextrins; chelating agents 
such as EDTA; sugar alcohols such as mannitol or sorbitol; 
salt- forming counterions such as sodium; and/or non- ionic 

25 surfactants such as Tween, Pluronics or polyethylene 
glycol (PEG). 

The formulation of pharmaceutical coxt^ositions for 
use in accordance with the present invention will be based 
on the proposed route of administration. Routes of 
30 ad m i n istration may include, but are not limited to, 
inhalation, insufflation (either through the mouth or 
nose), oral, buccal, rectal or parental administration. 

Diagnostic Applications 
35 Polynucleotide sequences encoding an ion channel 

subunit may be used for the diagnosis of epilepsy, as well 
as other as other disorders associated with ion channel 
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is provided the xise of a polypeptide as described alxnre in 
the diagnosis o£ ^ilepsy as well as other as other 
disorders associated with ion channel dysftinction, 
including but not restricted to^ hyper- or hypo-kalemic 
5 periodic paralysis, myotonias/ malignant hyperthermia, 
myasthenia, casrdiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain, 
10 chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness. 

When a diagnostic assay is to be based upon proteins 
15 constituting an ion channel, a variety of approaches are 
possible. For example, diagnosis can be achieved by 
monitoring differences in the electrophoretic mobility of 
normal and mutant proteins that form the ion channel. Such 
an approach will be particularly useful in identifying 
20 mutants in which charge substitutions are present, or in 
which insertions, deletions or substitutions have resulted 
in a significant change in the electrophoretic migration 
of the resultant protein. Alternatively, diagnosis may be 
based upon differences in the proteolsrtic cleavage 
patterns of normal and mutant proteins , differences in 
molar ratios of the various amino acid residues, or by 
functional assays demonstrating altered function of the 
gene products. 

In another aspect, antibodies that specifically bind 
A??, channels may be used „fpr„ the diagnosis^ of. a 
disorder, or in assays to monitor patients being treated 
with a complete ion cheuinel or agonists, smtagonists, 
modulators or inhibitors of an ion channel. Antibodies 
useful for diagnostic purposes may be prepared in the same 
maimer as described above for therapeutics. Diagnostic 
assays for ion channels include methods that utilize the 
antibody and a label to detect a mutant ion channel in 
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to develop amd monitor the activities of therapeutic 
agents. 

According to a further aspect of the present 
invention, tissue material obtained from animal models 
5 generated as a result of the identification of specific 
ion channel sxibunit human mutations (see below)/ 
particularly those disclosed in the present invention, can 
be used in microarray experiments. These experiments can 
be conducted to identify the level of expression of 

10 specific ion channel subunits, or any cDNA clones from 
whole-tissue librcuries, in diseased tissue as opposed to 
normal control tissue. Variations in the es^ression level 
of genes, including ion channel subunits, between the two 
tissues indicates their possible involvement in the 

15 disease process either as a cause or consequence of the 
original ion chaimel subunit mutation present in the 
animal model. Oliese experiments may be used to deteanoine 
gene function, to understand the genetic basis of a 
disorder, to diagnose a disorder, and to develop and 

20 monitor the activities of therapeutic agents. Microarrays 
may be prepared, used, and analyzed using methods known in 
the art. (For example, see Schena et al., 1996; Heller et 
al., 1997). 

25 Transformed Hosts 

The present invention also provides for the 
production of genetically modified (knock-out, knock-in 
and transgenic), non-human animal models transformed with 
nucleic acid molecules containing the novel ion chaimel 

30 mutations or variants as laid out in Table 1. These 
animals are useful for the study of the function of ion 
channels, to study the mechanisms by which combinations of 
mutations in ion channel subunits interact to give rise to 
disease and the effects of these mutations on tissue 

35 development, for the screening of candidate pharmaceutical 
compounds, for the creation of explanted mammalian cell 
cultures which express mutant ion channels or combinations 
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channel subunit gene, homologous recombination using 
embryonic stem cells may be applied. 

For oocyte injection, one or more copies of the 
mutant ion channel subunit gene, or combinations thereof, 
5 can be inserted into the pronucleus of a just-fertilized 
mouse oocyte. This oocyte is then reimplanted into a 
pseudo-pregnant foster mother. a«he livebom mice can then 
be screened for integrants using analysis of tail DNA or 
DMA from other tissues for the presence of the particular 
10 human subunit gene sequence. The transgene can be either a 
complete genomic sequence injected as a YAC, BAG, PAC or 
other charomosome DNA fragment, a conq^lete cDNA with either 
the natural promoter or a heterologous promoter, or a 
minigene containing all of the coding region and other 

15 elements found to be necesseiry for optimum expression. 

Once animals have been produced which contain a 
specific mutation in a particular ion channel subunit, 
mating combinations may be Initiated between such animals* 
so as to produce progeny containing combinations of two or- 

20 more ion channel mutations. These animals effectively 
mimic combinations of mutations that are proposed here to 
cause human XGB cases • These smimal models can 
subsequently be used to study the extent and mechanisms of 
disease as related to the mutated ion channel 

25 combinations, as well as for the screening of candidate 
therapeutic compounds. 

According to still another aspect of the invention 
there is provided the use of genetically modified non- 
htiman animals as described above for the screening of 

30 candidate pharmaceutical ^compounds ,.(see_ drug, screening 
above) . These smimals are also useful for the evaluation 
(eg therapeutic efficacy, toxicity, metabolism) of 
candidate pharmaceutical compounds, including those 
identified from the invention as described above, for the 

35 treatment of epilep^ as well as other as other disorders 
associated with ion channel dysfunction as described 
above. 
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Identified in the ion channel suboinits constituting the 
sodiuxB channel. a*hese exasgples include both novel and 
previously identified anitations; 

Figure 3 provides examples of epilepsy pedigrees 
5 where mutation profiles of ion channel subunits for 
individuals constituting the pedigree have begxm to be 
determined. These examples have been used to illustrate 
how the identification of novel ion chazmel subunit 
mutations and variations in IGE individuals can combine to 
10 give rise to the disorder. 

Modes for Performing the Invention 

Potassium, channels are the most diverse class of ion 
channel. Bie C. elegana genome encodes about 80 different 

15 potassium channel genes and there are probably more in 
mammals. About ten potassium channel genes are known to be 
mutated in human disease and include four members of the 
KCNQ gene sub-family of potassitua channels. KCNQ proteins 
have six transmembrane domains, a single P-loop that forms 

20 the selectivity filter of the pore, a positively charged 
fourth transmenibrane domain that probably acts as a 
voltage sensor and intracellular amino and carbo^c^ 
termini. Mie C terminus is long and contains a conserved 
«A domain'' followed by a short stretch thought to be 

25 involved in sxQmnit assembly. 

Four KCNQ subunits are thought to combine to form a 
functional potassium chaimel. All five known KCNQ proteins 
can form homomeric channels in vitro and the formation of 
heteromers appears to be restricted to certain 

3 0 combinat ions . 

Sodium (the alpha subunit) and calcitim channels are 
thought to have evolved from the potassitim channel 
subunit, and they each consist of four domains covalently 
linked as the one molecule, each domain being equivalent 

35 to one of the subunits that associate to form the 
potassium channel. Each of the four domains of the sodixim 
and calcium channels are comprised of six transmembrane 
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subunits. 

Neuronal nicotinic acetylcholine receptors (nAChRs) 
consist of heterologous pentamers comprising various 
combinations of alpha subunits or alpha and beta subTinits 
5 (a2-a9; P2-P4) • VbB alpha subunits are characterised by 
adjacent cysteine residues at ainino acid positions 192 and 
193, and the beta sxibunits by the lack of these cysteine 
residues* They are ligand-gated ion channels 
differentially expressed throughout the brain to form 
10 physiologically and pharmacologically distinct receptors 
hypothesised to mediate fast, excitatory transmission 
between neurons of the central nervous system or to 
modulate neurotransmission from their presynaptic 
position. 

15 In chicken and rat, the predominant nAChR subtype is 

composed of alpha-4 and beta-2 subunits. The transmembr£uie 
2 (M2) segments of the subunits are sirranged as alpha 
helices and contribute to the walls of the 
neurotransmitter-gated ion channel. The alpha helices 

20 appear to be kinked and orientated in such a way that the 
side chains of the highly conserved M2-leucine residues 
project inweurds when the channel is closed. A£3i is thought 
to cause a confomational change by altering the 
association of the amino acid residues of M2. The opening 

25 of the channel seems to be due to rotations of the gate 
forming side chains of the amino acid residues; the 
conserved polar serines and threonines may form the 
critical gate in the open channel. 

30 BxaI^ple 1^ 

Previous studies by reference (Wallace et al., 1998; 
PCT/AUOl/00581; Wallace et al., 20011>; Australian patent 
AU-B-56247/96; Steinlein et al., 1995; PCT/AUOl/00541; 
Phillips et al., 2001; PCT/AUOl/00729; PCT/AUOl/01648; 

35 Wallace et al., 2001a, the disclosures of which are 
incorporated herein by reference) have identified 
mutations in a number of ion channel subunits associated 
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Example 2: Saxnple preparation for SSCP screezxing 

A large collection of individuals affected with 
epilepsy have undergone careful clinical phenotyping and 
5 additional data regarding their family history has been 
collated. Informed consent was obtained from each 
individual for blood collection and its use in subsequent 
experimental procedxires. Clinical phenotypes incorporated 
classical IGE cases as well as 6EFSt and febrile seizure 
10 cases. 

DMA was extracted from collected blood using the 
QIAamp DNA Blood Maxi kit (Qiagen) according to 
manufacturers specifications or through procedures adapted 
from wyman and White (1980). Stock DNA samples were kept 

15 at a concentration of 1 ug/ul. 

In preparation for SSCP analysis / samples to be 
screened were formatted into 96-well plates at a 
concentration of 30 ng/ul. These master plates were 
subsequently used to prepare exon specific PCR reactions 

20 in the 96-well format. 

Example 3: Identification of sequence alterations in ion 
channel genes 

SSCP analysis of specific ion channel exons followed 
by sequencing of SSCP bandshifts was performed on 
individuals constituting the 96-well plates to identify 
secpience alterations. 

Primers used for SSCP were labelled at their 5' end 
with HEX and typical PCR reactions were performed in a 
total volume of 10 |i,l. All PCR reactions contained 67 mM 
Tris-HCl (pH 8.8); 16.5 mM (^4)2804; 6.5 \m EDTA; 1.5 mM 
MgCla; 200 \m each dOTP; 10% DMSO; 0.17 mg/ml BSA; 10 mM P- 
mercaptoethanol; 5 (ig/ml each primer and 100 U/ml Taq DNA 
polymerase. PCR reactions were performed using 10 cycles 
of 94**C for 30 seconds , 60°C for 30 seconds ^ and 72**C for 
30 seconds followed by 25 cycles of 94**C for 30 seconds, 
SS^'C for 30 seconds, and 72*'C for 30 seconds. A final 
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possible effects on the receptor physiological properties. 
To examine possible receptor modifications, expression 
experiments in Xenopus oocytes were designed. Hbwever, 
because it is known that all patients that carry this 
5 mutation are heterozygous all experiments were carried out 
by co-expression of ec[ual amounts of the patient control 
and mutated cDNA. Amplitude of the ACh-evoked currents 
evoked by saturating agonist concentrations showed no 
significant difference between the control and 

10 heterozygous expression. A marked difference was, however, 
observed when examining the receptor sensitivity to 
acetylcholine (AC33i) • Mutant containing receptors display a 
greater response at low AC3i concentrations than their 
control counterpart. As previous functional studies of the 

15 first CHRNA4 mutation (S248F, Phillips et al., 1995) 
showed an increased receptor desensitization, the time 
course of the response for the I225S mutation was 
thoroughly monitored. Results showed that the average time 
course of the ACh-evoked current was not significantly 

20 different from the contirol and thereby suggests a minimal 
effect of this Ml mutation on the receptor desensitization 
properties • 

Mutation screening by SSCP analysis of ADNFIiE 
affected individuals has lead to the identification of a 

25 further 3 mutations in the CHR13A4 subunit gene that fall 
outside of the M2 domain (R336C, R369Q and P474R) as well 
as 4 new CHRX3B2 mutations that also lie outside the M2 
domain (T26M, L301V, V308A and 6412D) • To test the 
ftinctional significance of these mutations the L301V 

30 CHRM B2 m u tat ion was exa mine d in X^opus oocytes using_ 

similar approaches as for the I225S mutation in CHR1IA4. 

Results from these experiments showed that the L301V 
mutation caused no significant cheuiges at the current 
amplitude evoked by saturating ACh concentration but a 

35 psronounced increased in agonist sensitivity was observed 
at the dose-response cxirve. Xn addition, the time course 
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*t;]ianges In functional properties with either the disease 
penetrance or severity are^ however, difficult to make in 
view of the restricted nuxnber of cases affected by each 
mutation. 

5 Hddification of the ACh sensitivity can be 

accompanied by an alteration of the response time course. 
Two possibilities can be envisaged with either an increase 
or a decrease in the desensitization profile. Examples of 
increased desensitization have already been reported for 

10 the CHRNA4 S248F or 776ins3 mutants (Bertrand et al., 
1998) . Averaging normalized re^sponses of the CHRNA4 122 5 S 
mutant receptor readily illustrates that no significant 
modification of the response time course can be observed 
versus the controls recorded in the same batch of oocsrtes. 

15 In contrast, a significant reduction of the 
desensitization time course is observed for the CRRNB2 
Ii301V mutant. Moreover, computing the maximal ACh evoked 
currents for the control and the L301V mutant revealed 
that cells expressing this mutant receptor display larger 

20 currents. While at present this increase in mean current 
can be attributed either to a higher level of protein 
expression or to a difference in single channel properties 
these data suggest that the L301V nutation causes a gain 
of function. 

25 The number of distinct mutations associated with 

ADNFIiE further illustrates the importance of the nAChRs in 
the triggering of seizures of patients suffering from this 
form of epilepsy. Constituting the first report of 
mutations localized outside the critical M2 segment the 

30 nAChR subunit mutants functionally characterized herein 
present the typical common trait of an increase in ACh 
sensitivity. OSiese results indicate that mutations may 
occur in many different segments of the protein and 
therefore largely extend the probability of spontaneous 

35 occurrence. This pzobability is even higher, given that a 
mutation in either the CHRNA4 or CHRNB2 stibunit is 
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PCR products showing a conformational change were 
subsequently sequenced. This first involved re- 
amplification of the relevant anplicon using primers 
without the 5' HEX addition followed by purification of 
5 the PCR amplified templates for sequencing using QiaQuick 
PCR preps (Qiagen) based on manufacturers procedures. The 
primers used to sequence the purified nAChR subunit 
amplicons were identical to those used for the initial 
amplification step. For each sequencing reaction, 25 ng of 

10 primer and 100 ng of purified PCR template were used.. The 
BigDye sequencing kit (ABX) was used for all sequencing 
reactions according to the manufacturers specifications. 
The products were run on an ABl 377 Sequencer and analysed 
using the EditView program. 

15 The sequencing strategy revealed a number of 

nucleotide substitutions in both the CHRNA4 and CHRNB2 
genes which were specific for affected individuals and not 
present in the normal population. 

For CHRN&4, 3 epilepsy specific xoutations were 

20 identified in the intracellular loop. These included a C->T 
transition at nucleotide position 1006 of the coding, 
sequence, a G->A transition at nucleotide position 1106 of 
the coding sequence and a C-^G transition at nucleotide 
position 1421 of the coding sequence. These nucleotide 

25 substitutions lead to R336C, R369Q and P474R amino acid 
changes respectively. 

For CHRNB2, 4 epilepsy specific imitations were 
identified. These included a C-4T transition at nucleotide 
position 77 of the coding sequence which lies in the 

30 s ignal sequence, a C-^^G t ransit ion at_ nucleotide position 

901 and a T-»C transition at nucleotide position 923 of the 
coding sequence which lie in the m domain, and a 6->A 
transition at nucleotide position 1235 of the coding 
sequence. These nucleotide substitutions lead to T26M, 

35 I.301V, V308A and G412D amino acid changes respectively. * 

Xenopus Oocyte eagpression 
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Using the imitations and variations in ion channel 
subunits that form part of this invention^ the digenic 
model may be validated through a parametric analysis of 
large families in which two abnormal alleles co-segregate 
5 by chance to identify mutations which act co-operatively 
to give an epilepsy phenotype. It is envisaged that the 
strategy of careful clinical phenotyping in these large 
families, together with a linkage analysis based on the 
digenic hypothesis will allow identification of the 
10 mutations in ion channels associated with iGSs. if 
molecular genetic studies in XGB are successful using the 
digenic hypothesis, such an approach might serve as 
model for other disorders with cataplex Inheritance. 

The digenic hypothesis predicts that the closer the 
15 genetic relationship between affected individuals, the 
more similar the s\ib- syndromes, consistent with published 
data (Italian League Against Epilepsy Genetic 
Collaborative Group, 1993). This is because more distant 
relatives are less likely to share the same combinations 
20 of mutated subunits. 

Identical twins have the same pair of mutated 
subunits and the same minor alleles so the sub-syndromes 
are identical. Affected sib-pairs, including dlzygous 
twins, with the same sub-syndrome would also have the same 
25 pair of mutated subunits, but differences in minor alleles 
would lead to less similarity than with monozygous twins. 
Some sib-pairs and dlzygous txd.ns, have quite different 
sub-syndromes; this would be due to different combinations 
of mutated subunits, when the parents have more than two 
30 mutated alleles between them. 

A special situation exists in inbred communities that 
parallels observations on autosomal recessive mouse 
models. Here the two mutated alleles of the digenic model 
are the same and thus result in a true autosomal recessive 
35 disorder. Because all affected individuals have the same 
pair of mutated alleles, and a similar genetic background, 
the phenotypes are very similar. 
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derive from a 2 x 0 and 0x2 matings etc. For the 2x0 
azid 0x2 matings, half the parents have I6E genotypes and 
contribute .16 (.33/2) to the parental risk with the total 
parental risk of an XGB genotype being .258. HhB other 
5 matings that contribute to affected parent-child pairs are 
2x1, 1x2, 3x0, 0x3 etc. 

The sibling risk of an IGE genotype is .305. For 
example 2x0 and 0x2 matings contributed .08 to the 
sibling risk { .33 [fraction of children with 2 abnormal 

10 alleles] x .25 [the chance of that mating producing a child 
with 2 or more abnormal alleles]). Similarly the offspring 
risk was determined to be .248 by mating individuals with 
2 abnormal alleles with the general population. Tbaa at 
30% penetrance the risk for XGB phenotype for paurents of a 

15 proband is .077, for siblings .091, and for offspring 
.074. 

It can be shown tliat affected sib pairs share the 
same abnormal allele pair in 85% of cases. Tliis is iDecause 
of all affected sib pairs 44% derive from 1x1 matings 

20 and 23% from 0x2 and 2x0 matings where all affected 
siblings have the same genotype. In contrast, 24% derive 
from 1x2 matings and 9% from 3x1 and 2x2 matings etc 
where affected sibling genotypes sometimes differ. 

For affected parent-child pairs, genotypes are 

25 identical in only 58%. Of affected parent child pairs, 43% 
derive from 0x2 matings where gentoypes are identical, 
^ereas 38% derive from 0x3 and 17% from 1x2 where the 
majority of crosses yield different affected genotypes. 

Based on the digenic model it has been postulated 
. . 30^ that most, classical. IGE and_ GEFS* cases are due to the 
combination of two mutations in multi-subiuait ion 
channels. These are typically point mutations resulting in 
a subtle change of function. The critical postulate is 
that two mutations, usually, but not exclusively, in 

35 different sulmnit alleles (^digenic model''), are required 
for clinical expression of ICS. 
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parent-child pairs. This would be most objectively 
measured by age o£ onset and seizure types. 

Estimates for the risk of febrile seizures or IGE in 
relatives vary. The estimates range from 5%-10% for 
5 siblings, 4%-6% for offspring, 3%-6% for parents, and 2-3% 
for grandparents. XTtiderestimation may occur because IGE 
manifest in youth, and parents and particularly 
grandparents may be unaware of seizures in themselves in 
younger years. This is particularly true where there was 

10 stigma associated with epilepsy and where the epilepsy may 
have been mild and unrecognized. Itoderestixaation of 
sibling and offispring risks occurs when unaffected young 
children are cotmted, some of whom will develop IGE in 
adolescence. Overestimation may occur with misdiagnosis of 

15 seizures or inclusion of seizures unrelated to IGE (e.g. 
due to traimia or tumors) 

In autosoxaal dominant models the risk to affected 
relatives reduces proportionally (50% for first degree 
relatives, 25% for second degree etc) . For all oligogenic 

20 or polygenic models the risk decreases more quickly. For a 
digenic model with three loci, the risks are 9.1% for 
siblings, 7.4% for offspring, 7.7% for parents; Rigorous 
measurement of the familial recurrence rates, with csLceful 
phenotroing and age-corrected risk estimates could be 

25 compared with the predictions from the digenic model, and 
it is proposed to do this. 

There is a small amount of inforxnation on IGE 
families regcirding haplotype distribution. For exaiia>le, 
there is some evidence for a locus on 8q as determined by 

30 parametric linkage in a single family (Fong et al,, 1998) 
and by non-parametric analysis in multiple small families 
(Zara et al., 1995) • Interestingly, in the latter study 
the 8q haplotype not infrequently came from the unaffected 
parent. This would be quite ccmipatible with the digenic 

35 model and evaluation of other data sets in this manner 
could be used to test the hypothesis, and it is proposed 
to do this. 
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mutation analysis of ion channel genes in these 
individuals has been carried out as described above. In 
Table 1 there is provided an indication of novel genetic 
alterations so far identified through mutation analysis 
5 screening of these individuals. Figure 2 provides an 
example to indicate where some of these mutations have 
occurred with respect to the sodium channel genes. 

The identification of novel mutations and variations 
in ion channel subxmits in IGB individuals provides 
10 resources to further test the digenic hypothesis and 
xmxtation profiles are starting to accumulate for a number 
of subunit changes that are observed in the same 
ixxdividuals. Figure 3 provides results from some of these 
profiles. 

15 Figure 3 A shows a 3 generation family in which 

individual Ill-l has myoclonic astatic epilepsy and 
ccmtains a N43del mutation in the SCN3A gene as well as an 
A1067T mutation in the SCMIA gene. Individual I-l also has 
the SCN3A mutation but alone this mutation is not 

20 sufficient to cause epilepsy in this individual. The SCN3A 
mutation has likely been inherited from the grandfather 
through the mother^ while the SCNIA mutation is likely to 
arise from the father. Both parents are unaffected but 
have yet to be screened for the presence of the mutations 

25 in these subunits. Individual II-l is likely to contain an 
as yet unidentified ion channel subunit mutation acting in 
co-operation with the SCN3A mutation already identified In 
this individual. 

Figure 3B is another 3 generation family in which 

30 — individual— III-l- has myoclonic- astatic- epilepsy ~due"*to "a 
combination of the same SCN3A and SCNIA mutations as 
above. However^ in this family both parents have febrile 
seizures most likely due to the presence of just one of 
the mutations in each parent, as proposed by the model. 

35 This is in contrast to individuals II-2 and II-3 in Figure 
4A who also contain one of the mutations in these genes 
each. These individuals are phenotypically normal most 
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escpressed as a fusion to a peptide that has a DNA binding 
domain. A second gene, or number of genes, such as those 
from a cDNA library (TARGET), Is cloned so that It Is 
expressed as a fusion to an activation domain. Interaction 
5 of the protein of interest with its binding partner brings 
the DNA-binding peptide together with the activation 
domain and initiates transcription of the reporter genes. 
The first reporter gene will select for yeast cells that 
contain Interacting proteins (this reporter is usually a 

10 nutritional gene required for growth on selective media). 
The second reporter is used for confixmatlon and while 
being expressed In response to Interacting proteins it Is 
usually not required for growth. 

Ion channel interacting genes may also be targets for 

15 mutation in epilepsy as well as other disorders associated 
with ion channel dysfunction. A mutation in an ion channel 
interacting gene when expressed alone, or when expressed 
in combination with one or more other ion chaxmel 
mutations or ion channel interacting gene mutations (based 

20 on the dlgenlc model), may give rise to the disorder. The 
nature of the Ion channel interacting genes and proteins ' 
can be studied such that these partners can also be 
targets for drug discovery. 

25 Structural studies 

Ion phannel recombinant proteins can be produced In 
bacterial, yeast. Insect and/or mammalian cells and used 
in crystallographlcal and NMR studies. Together with 
molecular modelling of the protein, structure-driven drug 

3 0 design can be facilitated. 

Industrial Applicability 

The mutant ion channel receptor subunlts of the 
invention are useful in the diagnosis and treatment of 
35 diseases such as epilepsy and disorders associated with 
Ion c h a nn el dysfunction including, but not limited to, 
hyper- or hypo-kalemic periodic paralysis, xqyotonlas. 
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TABLE 1 

Examples of mutations and variations identified in ion 

channel sxibunit genes ^ 

■ SEQ 
Subunit Exon/Intr DNA Mutation JMnino Acid jq 

Gene on Change j^qs 



Sodium Channel 
Subunits 

Coding exonic variants - amino acid 
change 



SCNIA"^ 


Exon 1 


clllaelC 


/ XSA^ J. 


135 


SCNIA''^ 


Exon 4 


c563A-»T 


D188V 




SCNIA"" 


Exon 9 


cl342-cl352del 


X44oX 


136 


SCNIA'' 


Exon 20 


c3976G->C 


A132oP 


137 


SCNIA""^ 


Exon 21 


C4057G-K: 


V1353L 




SCNIA'' 


Exon 24 


c4556C-»T 


P1519L 


138 


SCNIA^ 


Exon 26 


c4905C-*G 


F1635L 


5, 
139 


SCNIA" 


Exon 26 


c4968C-^ 


I1656M 




SCNIA' 


Exon 26 


c5363-c5364ins 


N1788fsX1796 


6, 








140 




Exon 26 


C5536- 
c5539delAAAC 


Sl846£sXl856 


7, 
141 


SCNIA"" 


Exon 26 


c5643G-^C 


E1881D 


8, 
142 


SCNIA"" 


Exon 26 


C5870A-»G 


E1957G 


9, 
143 


SCN8A'' 


Exon 14 


c3148G^A 


G1050S 


10, 
— 144- 


SCNIB""* 


Exon 3 


c253C-^T 


R85C 


SCNIB""* 


Exon 3 


c363C-»G 


C121W 




SCNIB"" 


Exon 3 


c367G->A 


V123I 


11, 
145 


SCNIB'' 


Exon 3 


c373C->T 


R125C 


12, 
146 


SCN2A'' 


Exon 21 


c3988C-»:T 


H330F 


13, 
147 


sasr2A'' 


Exon 25 


c4687C-»G 


L1563V 


14, 
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CHRNB2'' 


Exon 5 


cy^ jT— >c 


V J V GJCX 


134 










173 


CHRNB2'' 


Exon 5 


cl23 5G-»A 


6412D 


37. 










158 


CHRNB2'= 


Exon 5 


cll91G->C 


Q397H 


38, 










159 


Coding variants no 


amino 






acid change 












Exon 5 


cy / oc— >T 








Exon 5 


C1104C— >T 






CHRNA4'' 


Exon 5 


^1 CO izr* V iw 






CHR2SIA4'' 


Exon 1 


CblG— >A 






CHRNA4'= 


Exon 5 


C1629C— >T 






CHRNA4'= 


Exon 5 


C1659G-4A 


~ 


44 


CHRNB2'^ 


Exon 2 


C78G->A 


mm 


45 


CHRNB2'' 


Exon 2 


cl09C->T 




46 


CHRNB2^ 


Exon 5 


c825G-^A 


- 


47 


CHRNB2'' 


Exon 5 


cl233G-^A 




48 


CHRJSIB2'' 


Exon 6 


cl482A-^G 




49 


Non-coding 










variants 










CHRNA4'= 


Intron 5 


IVS5+11C->T 


- 


50 


CHRNA4'= 


Intron 5 


IVS5+14G->A 




51 


CHRNB2'= 


Intron 5 


IVS5+14G->A 




52 


Potassium Channel 








Subunits 










Coding exonic variants - 


- amino acid change 






KCNQ3'' 


Exon 15 


c2306C-^A 


P769H 


53, 










160 


KCNQ2'' 


Exon 15 


c2255C-^A 


T752N 


54, 










161 


Coding exonic variants - no amino acid 






change 










KCNQ5'' 


Exon 14 


cl869A-^T 




cc 
33 


KCNQ2'= 


Exon 6 


c912C->T 




56 


KCNQ2*= 


Exon 11 


C1419C->G 




57 


KCNQ2'= 


Exon 15 


c2154T->A 




58 


KCNQ2'' 


Exon 15 


C2460G-4A 




59 


KCNQ3'' . 


Exon 4 


c660T->C 




60 


KCNQ3'' 


Exon 4 


c732T->C 




61 


KCNQB*" 


Exon 7 


cl071C->G 




62 


Non-coding variants 
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GABRBl'' 


Exon 


8 


c846A-^G 




88 


GABRAl'' 


Exon 


4 


cl56T-^C 


- 


89 


GABRD*^ 


Exon 


4 


C330C--4T 


- 


. 90 


GABRD'^ 


Exon 


7 


c816C-»T 




91 


GABRD*= 


Exon 


9 


cll04C->T 




92 


GABRG2'= 


Exon 


3 


c315C->T 


— 


93 


GABRG2'= 


Exon 


5 


c588T— >C 




94 


GABRA2*' 


Exon 


6 


c3966->A 




95 


GABRAS*" 


Exon 


8 


C1005G-4C 




96 


GABRA5*= 


Exon 


8 


c606T-^C 




97 


GABRAS*" 


Exon 


10 


c975T-^C 




98 


GABRG1*= 


Exon 


3 


C264A-K3 




99 


GABRGl"" 


Exon 


11 


C1459G-»A 




100 


GABRE*" 


Exon 


2 


cl86G->A 




101 



GABA Receptor 
Subunits 



Non-coding variants 
GABRAl' Exon 2 








C-53C-4A 




102 


GABRA2'' 


5' UTR 


c-(-9-10)delAG 




103 


GABRB2'' 


5' UTR 


c-213G-^A 




104 


GABRB2'' 


Intron 1 


IVSl- (-8-9)insT 




105 


GABRA2'' 


Intron 9 


IVS9+149G->T 




106 


GABRD"" 


Intron 4 


IVS4+45delG 




107 


GABRD"" 


Intron 6 


IVS6+92G->T 




108 


GABRD"" 


Intron 6 


IVS6+73C-^T 




109 


GABRG3'' 


Intron 5 


IVS5+20C"->T 




110 


GABRG2'' 


Intron 1 


IVS1+12C->T 




111 


GABRBl"" 


Intron 2 


IVS2-51C^A 




112 


GABRAS"" 


Intron 6 


IVS6+10G->C 




113 


GABRA3' 


Intron 
5 


IVS5+26- 

29delGTCT 




114 


GABRPi^ 


Intron— I" - 


IVSl-85e-^T 




115— 


GABRPi"" 


Intron 4 


IVS4-85T->A 




116 


GABRPi"" 


Intron 7 


IVS7+8A-K: 




117 


GABRA3*^ 


Intron 3 


IVS3-{19- 
20)insT 




118 


GABRA4^ 


Intron 1 


IVSl-lOdelT 




119 


GABRA4*' 


Intron 1 


IVSl- (lo- 
ll) insT 




120 


GABRA4'= 


Intron 1 


IVSl- (10- 




121 



IDdelTT 
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Claims 

1. A method of identifying a subject predisposed to a 
disorder associated with ion channel dysfunction^ 

5 comprising ascertaining whether at least one of the genes 
encoding ion channel subunits in said subject has 
undergone a mutation event such that a cDNA. derived from 
said subject has the sequence set forth in one of SEQ ID 
NOS: 1-134. 

10 

2. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
so as to produce an epilepsy phenotype in said subject. 

15 3, A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
so as to produce one or more disorders associated with ion 
c h a nn el dysfunction, including but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, myotonias, 

20 malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 
anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 

25 Bartter-s syndrome, polycystic kidney disease, Denfs 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness and total 
colour-blindness in said subject. 

30 4. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
so as to produce an epilepsy phenotype when expressed in 
combination with one or more additional mutations or 
variations in said ion channel subunit genes. 

35 

5. A method as claimed in claim 1, wherein said mutation 
event disrupts the functioning of an assembled ion channel 
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chronic /acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycexoia o£ 
infancy, cystic fibrosis, congenital stationsucy night 
blindness and total colour-blindness. 

5 

9. An isolated nucleic acid molecule encoding a xnutant 
or variant ion channel subunit as claimed in claim 6, 
wherein said mutaticm event disrupts the functioning of an 
assembled ion channel so as to produce an epilepsy 

10 phenotype when expressed in combination with one or more 
additional mutations or variations in said ion channel 
subunit genes* 

10. An isolated nucleic acid molecule encoding a mutant 
15 or variant ion channel subunit as claixned in claim 6, 

wherein said mutation event disrupts the functioning of an 
assembled ion channel so as to produce one or more 
disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 

20 periodic paralysis, myotonias, malignant hyx>erthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive syntptozos, neuropathic pain, inflammatory pain, 

25 chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic l^ypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness and total colour-blindness, when expressed in 
combination with one or more additional mutations or 
- 30~ variations- in--said- ion- channel— subunit-~genesv — — 

11. An isolated nucleic acid molecule comprising any one 
of the nucleotide sequences set forth in SEQ ID NOS: 1- 
134. 
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subunit genes*. 

17. An isolated polypeptide, said polypeptide being a 
mutant or variant ion channel subunit as claimed in claim 

5 13, wherein said mutation event disrupts the functioning 
of an assembled ion channel so as to produce one or more 
disorders associated with ion channel dysfunction, 
including but not restricted to, hyper- or hypo-kalemic 
periodic paralysis, myotoniets, xnalignant hyperthermia, 

10 xnyasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's syndrome, polycystic kidney 

15 disease. Dent's disease, hyperinsulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness and total colour-blindness, when expressed in 
combination with one or more additional mutations or 
variations in said ion channel subimit genes. 

20 

18. An isolated polypeptide comprising any one of the 
amino acid segiiences set forth in SEQ ID NOS: 135-173. 

19. An isolated polypeptide consisting of any one of the 
25 amino acid sequences set forth in SEQ ZD NOS: 135-173. 

20. An isolated polypeptide complex, said polypeptide 
complex being an ass^nbled mammalian ion channel including 
an ion channel subunit comprising a polypeptide as defined 

30 in any one of claims 13 to 19. 

21. An eicpression vector comprising a nucleic acid 
molecule as defined in any one of claims 6 to 12. 

35 22. A cell transformed with at least one expression 
vector as defined in claim 21. 
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31. A method of treating epilepsy comprising 
administering an antibody as claimed in either one of 
claims 29 or 30 to a subject in need of such treatment. 

5 32. The use of an antibody, as claimed in either one of 
claims 29 or 30, in the manufacture of a medicament for 
the treatment of ^ilepsy. 

33. A method of treating a disorder associated with ion 
10 channel dysfunction, including but not restricted to, 

hyper- or hypo-kalemlc periodic paralysis, myotonias, 
malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, xoigraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 

15 anxiety, depression, phobic obsessive symptoms, 
neurppathic pain, inflammatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinendc hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 

20 colour-blindness, comprising administering an antibody as 
claimed in either one of claims 29 or 30 to a subject in 
need of such treatment. 

34. TbB use of an antibody, as claimed in either one of 
25 claims 29 or 30, in the manufacture of a medicament for 

the treatment of a disorder associated with ion channel 
dysfunction, including but not restricted to, hsrper- or 
hypo-kalemlc periodic paralysis, myotonias, malignant 
hyperthermia, myasthenia, cardiac arrhythmias, episodic 

30 - ataxia,- xoigraine,- Alzheimer 's disease^ - Parkinson' s- 
disease, schizophrenia, hyperekplexia, anxiety, 

depression, phobic obsessive symptoms, neuropathic pain, 
inf lammatoary pain, chronic/acute pain, Bartter's syndrome, 
polycystic kidney disease. Dent's disease, 

35 hyper insulinemic hypoglycemia of infancy, cystic fibrosis, 
congenital stationary night blindness or- total colour- 
blindness* 
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hypo-kalemic periodic paral^rsis, myotonias, malignant 
hyperthermia, nc^sthenia, cardiac arrhythmias, episodic 
ataxia, migraine, Alzheimer's disease, Parkinson's 
disease, schizophrenia, hyperekplexia, anxiety, 

5 depression, phobic obsessive symptoms, neuropathic pain, 
inflammatory pain, chronic/acute pain, Bartter's syndroxoe, 
polycystic kidney disease. Dent's disease, 

hyperinsulinemic hypoglycemia of infancy, cystic fibrosis, 
congenital stationary night blindness or total colour- 
10 blindness. 



39. A method of treating epilepsy comprising 
administering an isolated SNA molecule which is the 
complement (antisense) of a nucleic acid molecule as 
15 claimed in any one of claims 6 to 12 and which encodes an 
RNA molecule that hybridizes with the xdRNA encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 
12, to a subject in need of such treatment. 



20 40. oaie use of a DNA molecule which is the coxriplement of 
a nucleic acid molecule as claimed in any one of claims 6 
to 12 and which encodes an RNA molecule that hybridizes 
with the XDRNA encoded by a nucleic acid molecule as 
claimed in any one of claims 6 to 12, in the manufacture 

25 of a medicament for the treatment of epilepsy. 



41. A method of treating a disorder associated with ion 
channel dysf tmction, including but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, nQrotonias, 

30 malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson' s disease , schizophrenia, hyperekplexia, 
anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 

35 Bartter-s syndrome, polycystic kidney disease, Dent's 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 
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administration of the wild- type ion channel subunit, to a 
subject in need of such treatment. 

44. The use of an antibody, as claixaed in clalxas 29 or 
5 30, use of an agonist, antagonist or modulator of an ion 

channel when it has undergone a mutation event or 
combination of events as defined in any one of claims 1 to 
10 or claims 13 to 17, or use of a DNZ^ molecule which is 
the complement of a nucleic acid molecule as claimed in 

10 any one of claims 6 to 12 and which encodes an HHA. 
molecule that hybridizes with the mRNA encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 
12, in combination with the use of the wild- type ion 
channel subunit, in the manufacture of a medicament for 

15 the treatment of ^ilepsy. 

45. A method of treating a disorder associated with ion 
channel dysftinction, including but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, myotonias, 

20 malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 
anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 

25 Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 
colour-blindness, comprising administering an antibody, 
as claimed in either one of claims 29 or 30, 
-30- administration--of - an- agonist^ - antagonist or modulator of 
, an ion channel when it has undergone a mutation event or 
combination of events as defined in any one of claims 1 to 
10 or claims 13 to 17, or administration of a DNA molecule 
which is the complement of a nucleic acid molecule as 

35 claimed in any one of claixns 6 to 12 and which encodes an 
RXIA molecule that hybridizes with the mRHA encoded by a 
nucleic acid molecule as claimed in any one of claims 6 to 
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49. Use of a nucleic acid molecule as claimed in any one- 
o£ claims 6 to 12 for the screening of candidate 
pharmaceutical agents useful for the treatment of a 
disorder associated with ion channel dsrsfunction, 

5 including but not restricted to, hinder- or hypo-kalemic 
periodic paralysis, myotonias, malignant hyperthermia, 
myasthenia, cardiac arrhythmias, episodic ataxia, 
migraine, Alzheimer's disease, Parkinson's disease, 
schizophrenia, hyperekplexia, anxiety, depression, phobic 
10 obsessive symptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Baactter's syndrome, polycystic kidney 
disease. Dent's disease, hyperinsulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness. 

15 

50. Use of a polypeptide as claimed in any one of claims 
13 to 19 or claim 28, or a polypeptide complex as claimed 
in claim 20 for the screening of candidate pharmaceutical 
agents. 

20 

51. Use of a polypeptide as claimed in any one of claims 
13 to 19 or claim 28, or a polypeptide complex as claimed 
in claim 20 for the screening of candidate pharmaceutical 
agents useful for the treatment of epilepsy. 

25 

52. Use of a polyp^tide as claimed in any one of claims 
13 to 19 or claim 28, or a polypeptide complex as claimed 
in claim 20 for the screening of candidate pharmaceutical 
agents useful for the treatment of a disorder associated 

30 with ion channel dysftmction, including but not restricted 
to, hyper- or hypo-kalemic periodic paralysis, myotonias, 
malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic at£ud.a, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 

35 anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic/acute pain, 
Bartter's syndrome, polycystic kidney disease. Dent's 
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59. A genetically modified, non- human animal which has 
been transformed with two or more isolated nucleic acid 
molecules as claimed in any one o£ claims 6 to 12. 

5 60. A genetically modified non-human animal as claimed in 
either one of claims 58 or 59 in which the animal is 
selected from the group consisting of rats, xaice, 
hamsters, guinea pigs, rabbits, dogSf cats, goats, sheep, 
pigs and non-human primates such as moxikeys and 
10 chimpanzees . ' 



61. A method of producing a non-human transgenic animal 
containing a combination of two or more ion channel 
mutations, comprising the steps of: 

15 (1) creating a non-human transgenic animal 

comprising a first nucleic acid molecule as 
claimed in any one of claims 6 to 12; 

(2) creating one or more additional non-human, 
transgenic animals coznprising a second nucleic 

20 acid molecule as claimed in any one of claims 6 

to 12; and 

(3) conducting matdLng combinations so as to produce 
progeny containing combinations of two or more 
ion channel imitations which effectively mimic 

25 combinations of ion channel mutations 

responsible for human disease. 

62. A non-human, transgenic animal produced by the 
psrocess of claim 61. 



35 



63. The use of a genetically modified non-human animal as 
claimed in any one of claims 58 to 60 or a non- human 
transgenic animal as claimed in claim 62 in the screening 
of candidate pharmaceutical compounds. 

64. The use of a genetically modif ied non-human animal as 
claimed in any one of claims 58 to 60 or a non-human 
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infancy, cystic fibrosis, congenital stationazy night 
blindness or total colour-blindness. 

68. The use of a polypeptide as defined in any one of 
5 claims 13 to 17 or claim 28, or polypeptide complex as 

claimed in claim 20 in the diagnosis of epilepsy. 

69. The use of a polypeptide as defined in any one of 
claims 13 to 17 or claim 28, or polypeptide complex as 

10 claimed in claim 20 in the diagnosis of a disorder 
associated with ion channel dysfunction, including but not 
restricted to, hyper- or lOT>o-kalemic periodic paralysis, 
myotonias, malignant hyperthermia, norasthenia, cardiac 
arrhythmias, episodic ataxia, migraine, Alzheimer's 

15 disease, Parkinson's disease, schizophrenia, 

hyperekplexia, anxiety, depression, phobic obsessive 
symptoms, neuropathic pain, inflammatory pain, 
chronic/acute pain, Bartter's syndrome, polycystic kidney 
disease, Denfs disease, hyperinsulinemic hypoglycemia of 

20 infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness. 

70. The use of an antibody as claimed in either one of 
claims 29 or 30 in the diagnosis of qpilepsy. 

25 

71. The use of an antibody as claimed in either one of 
claims 29 or 30 in the diagnosis of a disorder associated 
with ion channel dysfunction, including but not restricted 
to, hyper- or hypo-kalemic periodic paralysis, myotonias, 

30 malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperefcplexia, 
anxiety, depression, phobic obsessive syiaptams, 
neuropathic pain, inflammatory pain, chronic/acute pain, 

35 Bartter's syndrome, polycystic kidney disease. Dent's 
disease, hyperinsulinemic hypoglycemia of infaxicy, cystic 
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74. A xnethod as clalxaed in either one of claims 71 or 72 
wherein the DNA fragments are subjected to restriction 
enzyme analysis. 

5 75. A method as claimed in either one of claims 71 or 72 
wherein the DNA fragments are subjected to SSCP emalysis. 

76. An isolated nucleic acid molecule encoding a mutant 
subunit of a mammalian nicotinic acetylcholine receptor 

10 (nAChR) , * wherein a mutation event selected from the group 
consisting of point mutations, deletions, insertions and 
rearrangements has occurred in the nucleotides outside of 
the M2 domain of the subunit of said mammalian nicotinic 
acetylcholine receptor, so as to produce an epilepsy 

15 pheziotype. 

77. An isolated nucleic acid molecule encoding a mutant 
subunit of a mammalian nicotinic acetylcholine receptor 
(nAChR) , wherein a mutation event selected from the group 

20 consisting of point mutations, deletions, insertions and 
rearrangements has occurred in the nucleotides outside of 
the H2 domain of the subtinit of said mammalian nicotinic 
acetylcholine receptor, so as to produce a disorder 
associated with ion channel dysfunction, including but not 

25 restricted to, hyper- or hypo-fcalemic periodic paralysis, 
myotonias, malignant hyperthermia, myasthenia, cardiac 
arrhythmias, episodic ataxia, migraine, Alzheimer's 
disease, Parkinson's disease, schizophrenia, 

hyperekplexia, anxiety, depression, phobic obsessive 

-30— syiiqs>toms, neuropathic -pain,-— inflammatory— painr - 

' chronic /acute pain, Bartter's syndrome, polycystic kidney 
disease, Dent"s disease, hyper insulinemic hypoglycemia of 
infancy, cystic fibrosis, congenital stationary night 
blindness or total colour-blindness. 
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receptor (ziAChR), wherein a lautation event selected from 
the group consisting of substitutions, deletions, 
insertions and rearrangements has occurred outside of the 
M2 domain, so as to produce a disorder associated with ion 
5 ch anne l ^srsfunction, including but not restricted to, 
hyper- or hypo-kalemic periodic paralysis, myotonias, 
malignant hyperthermia, myasthenia, cardiac arrhythmias, 
episodic ataxia, migraine, Alzheimer's disease, 
Parkinson's disease, schizophrenia, hyperekplexia, 

10 anxiety, depression, phobic obsessive symptoms, 
neuropathic pain, inflammatory pain, chronic /acute pain, 
Bartter • s syndrome, polycystic kidney disease. Dent " s 
disease, hyper insulinemic hypoglycemia of infancy, cystic 
fibrosis, congenital stationary night blindness or total 

15 colour-blindness . 



86. An isolated polypeptide as claimed in either one of 
claims 84 or 85 wherein said mutant subunit is the CHRNA4 
subunit • 

20 

87. An isolated polypeptide as claimed in claim 86 
wherein said mutation event takes place in the 
intracellular loop of the CHRNA4 subunit. 

25 88, An isolated polypeptide as claimed in claim 86 
wherein said mutation event is selected from the group 
consisting of an R336C mutation, R369Q mutation and P474R 
mutation. 



3 0 89, An isolated polypeptide as claimed in either one of 
claims 84 or 85 wherein said mutant subxinit is the CHRNB2 
subunit • 



90. An isolated polypeptide as claimed in claim 89 
35 wherein said mutation event takes place in the signal 
sequence . 
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Neuron 3, pp 327-337 (1989) Shivers et al "Two novel GABAA receptor subunits exist 
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and 84-87 
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Mol Pharmacol 49, pp 253-259 (1996) Hadingham et al "Qoning of CDNAs encoding 
the human gamma-annnobutyric acid type a receptor alpha 6 subunit and 
characterization of the pharmacology of alpha 6-containing recq>tors"; and GenBank 
Accession No S81944. Relevant to SEQ ID No 65 


1-29; 33-82 
and 84-87 
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J Biol Chem 272, pp 15346-15350 (1997) Hedblom et al "A novel class of GABAA 
receptor subunit in tissues of the rqiroductive system"; and GenBank Accession No 
U95367. Relevant to SEQ ID No 66 


1-29; 33-82 
and 84-87 
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Nature 385, pp 820-823 (1997) Davies et al "Lssensitivity to anaesOietic agents 
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Supplemental Box 

(To be used when the space in any of Boxes I to VIII is not sufSdent) 

Continiiation of Box No:n 

The international application does not coniply with the requirements of xmity of invention because it does not relate to 
one invention or to a group of inventions so linked as to form a single general inventive concept The fundamental test 
for unity of invention is specified in Rule 13.2 of the Regulations under the PCT. 

"Where a group of inventions is claimed in one and the same international application, the requirement of unity of 
invention referred in Rule 13.1 shall be fulfilled only where there is a technical relationship among those inventions 
involving one or more of the same or corresponding special technical features. The expression "special technical 
feature" shall mean those technical features that define a contribution which each of the claimed inventions, 
considered as a whole, make over the prior art" 

The problem addressed by the present application is the identification of molecular changes in ion channel 
subunits to elucidate genetic variants that alone or in combination give rise to an epilepsy phenotype, and to 
oQxer neuxo/physiological disorders associated with ion channel dysfunction. The solution provided by flie 
claims resides in the use of 134 polynucleotide sequences and 39 polypeptide sequences. These sequences M 
within the following eleven groups: 

1. Sodium channel subunit SCN_A 

2. Sodium channel subunit SCN_B 

3. Nicotine acetylcholine receptor subunit CHRNA_ 

4. Nicotine acetylcholine receptor subunit CHRNB_ 

5. Potassium channel subunit KCNQ 

6-11. GABA receptor subunits GABRA; GABRB; GABRD; GABRE; GABRG; GABRP. 
The general concept underlying the present q>plication q>p^rs to reside in the nucleic acid molecules 
encoding a mutant or variant ion channel subuznt However, the admitted prior art acknowledges that such 
nucleic acid molecules encoding the proteins and the proteins per se are known. Further, that the mutations in 
ion channels have previously been recognised and the activity of these molecules is linked to diseases such as 
epilepsy, the subject matter of the present invoition (see page 46; Example 1 of instant application). 

The molecules do share flie feature of being examples of mutations and variations in ion channel subunit 
genes. However, these molecules can only be considered to constitute a special technical feature if these 
molecules, considered as a singje group, make a substantial contribution over fihe prior art. There is nothing in 
the instant application to indicate that the isolation of the molecules encoding a mutant or variant in ion 
channel subunit is inventive. As discussed earlier, the mutations in ion channels have been disclosed and 
tauglht in flie art, including disclosures in the following selection of documents: 

AU-B-56247/96 (and other related documents cited in Example 1, page 46 of present application) 
Nature Genetics 19, pp 366-370 (1998) Wallace et al Tebrile seizures and generalized epilepsy 
associated with a mutation in tiie Na+ channel p 1 subunit gene SCNIB'*. 

Am J Hum Genet 68, pp 859-865 (Mar 2001) Wallace et al "Neuronal sodium channel al-subunit 
mutations in generalized epilepsy with febrile seizures plus". 
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